By RANSOM PICKARD, C.B., C.M.G., M.S. THE variations in size of the physiological cup are of such importance in dealing with questions of glaucoma that finding little or nothing on the subject in the books to which I had access, I resolved to investigate it myself. At the Oxford Ophthalmological Congress of this year Mr. Hugh Thompson read a paper on the subject, but I have not as yet seen it.
METHOD.
The cases were a consecutive series, no selection being exercised except to eliminate all possible cases of glaucoma and other diseases affecting the disc, and except that in occasional short periods time did not allow of the drawing of the discs. It will be seen that there are objections to be raised to the group of cases employed, for they came because they had some affection of the eyes, and not because they were part of the average population.
It is, however, noteworthy that the total numbers dealt with in the later age groups correspond very closely with the population age groups in Devon, as shown by the following table, except in the 76-85 year group, which is hardly more than half its right proportion. Possibly the greater invalidism of this advanced age prevents them seeking advice. In the case of those aged under 40 glaucoma is so rare that the cases may be taken from this point of view as normal. After that age care has to be taken to eliminate possible cases of this condition. It may fairly be stated that the older the patient the greater the presumption that pathological changes have taken place in the eyes, among which glaucoma accounts for a large proportion. Thus, much care must be taken in the later age periods before a disc can be pronounced normal. Wherever necessary, the tonometer for pressure, and the screen for the field of vision were employed, both the outline of the field and the condition of the blind spot being examined.
The disc and cup were carefully drawn of their apparent size in the notes of each case. These were transferred by carbon paper to graph paper. No attempt was made to deal with these diagrams as they were collected, nor until the whole series to be dealt with was obtained, to eliminate any unconscious effect upon the drawings which a knowledge of the earlier results might have. Care was also taken not to form a habit of drawing the disc of one side, e.g., the right, first, lest this might result in drawing one larger than it should Pickard: Variations in Size of Physiological Cutp be. The area of each disc was then measured, the results were reduced to a percentage, 100 being taken as the area of the disc. In this paper figures used for cup areas must be understood as percentages of the disc area obtained in this way. By this means a method of comparison was arrived at (fig. 1) .
The cases were grouped in ten-year periods, starting at 6 to 15 years, up to from 76 to 85 years of age. Curves for each age-period were formed by a series of dots, each dot being the upper end of a line equal to the disc cup percentage, the cups being placed in order, the shortest on the reader's left. Each curve is enclosed in a parallelogram, the height of which represents the area of the disc, the base line giving the number of cases (fig. 2 ).
The following points appear: (a) The curves are fairly regular, except towards the higher end. That is, a practically continuous series is found in each age-period till the exceptionally large cups are encountered when, as might be expected from their small number, there are marked steps.
(b) The curves are not symmetrical about the median-i.e., the lower end in several curves is not convex to the base line, though all the higher ends are more or less concave to it. In other words, the large cups are not balanced by very small cups.
(c) There is a general tendency for the curves to be at a higher level with successive age-periods up to 65 years, which is shown by a consideration of the median and quartiles of each period. (d) The curve of the 66-75 year period calls for special consideration. Its quartiles and median are not greatly different from those of the 56-65 period; but beyond the second quartile, in ten cases there are no cups with an area of over 36, whereas in the 56-65 period there are six over that size in a group of sixteen cases. The number of cases is too small to make any certain deduction, but it does suggest that the extremely large discs tend to pass into the glaucoma group.
(e) The myopic cases have large cups, though there are only two groups (16-25 years, and 26-35 years) in which the largest myopic cup is not exceeded by a hypermetropic cup. The number of myopic cases is small, so no attempt has been made to divide them except into ten-year periods.
(f) A comparison with the cups of glaucoma cases observed in the same series of cases will at once show the generally higher level in the glaucoma cases, though the beginning of the glaucoma curve is as low as eighteen. FREQUENCY POLYGONS. The cases in each ten-year period are grouped according to the size of the cups-up to 10, 11-20, 21-30, as shown in the polygons constructed from these data. Myopic cases are placed at the top of each group and are indicated by shading, so that the influence of hypermetropia can be more easily singled out. It will be seen that the exceptionally large cups are few. Attention should be given to the first three columns, comprising those in which the cups have an area up to 30 per cent.
In the first column, those with an area of ten or under, there is a marked decrease after the 6-15 year period, a fairly constant number till the fortyfifth year, then a decrease, very marked after the fifty-fifth year.
Of the second and third columns, areas of 11-20 and 21-30, it will be seen that the third grows and after the forty-fifth year overtops the second column.
In the remaining columns the numbers of cases are too small to allow any safe generalization to be drawn from them, but there is a tendency to have a smaller number of cases in the groups up to thirty-five years, and a larger number after that time. This will be seen more clearly if the following table is studied, in which they are reduced to percentages: 
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The polygons also demonstrate the tendency of the excessively large cups to disappear, the cases above 30 per cent. tending to become concentrated in the 31-40 per cent. block. 0 While this grouping in frequency polygons supports the general conclusions drawn from the curves, it shows more clearly than they do the decrease in number of the smallest cups and the increase in those of medium values in the successive age periods of this series of cases.
If one imagines that there is a tendency in many cases to an enlargement of the disc cup, the results would be just what has been found in this investigation, in a proportion there would be little or no tendency to enlargement, they would remain small during the whole lifetime; others, initially varying in size, would gradually enlarge as life progressed, and pass in the'higher series, causing the gradual alterations just described.
ASYMMETRY.
An investigation was made into the differences in size shown by the right and left cups in the same individual. A large number have differences, which may be summarized thus: the majority of differences are slight, the left being usually larger than the right; a minority are considerable, and the larger cup is as likely to be on one side as on the other. Of 628 discs, twenty-one cups were larger than their fellows by over 10 per cent. of the disc area. The two largest differences observed were 21 per cent. and 28 per cent. respectively, both in patients under 25 years of age.
DIAMETERS OF CUPS.
Comparisons of the two principal axes of the cups with each other showed that considerable variations existed within each age-group, but that there were no appreciable differences between the different age-groups, the vertical axes being nearly always longer.
It is convenient to state here that in the glaucoma group there is a tendency for the axes to be more nearly equal in the largest cups, presumably an expression of the fact that with a given length of circumference a circle contains the largest area, an adaptation to the increased pressure within the eye.
The explanation of the alterations in normal disc cups involves many difficulties. An alteration in size of a cavity, situated in a solid like the sclerotic and filled by a viscous fluid such as the vitreous, might conceivably occur under three conditions:
(1) No alteration in pressure, as in normal growth in which the increase in the solid wall and the fluid contents keep exact pace with each other.
Probably the increase up to the fifteenth year or a little later is an example of this.
(2) Tension from without, as in contraction or disappearance of nerve fibres or fibrous tissue. In the present series cases of this kind were ruled out, but a simple disappearance of fibrous tissue, such as Schnabel's cavernous atrophy, would cause the cases to be classed in the glaucoma group.
(3) Pressure from withini.e., pressure exerted by the vitreous as in glaucoma.
The suggestion I have to offer is two-fold: that the tissues of all discs are not equally strong, and that small increases of pressure acting on the weaker discs over long periods of time may cause an enlargement of the cups in these cases, but not tQ the extent of interfering with vision. It is to be noted that, the cup presenting a larger surface to the vitreous pressure than a portion of the surface of the disc equal to the cross section of the cup at the disc surface, the vitreous tension would tend to enlarge the cup more than to depress the disc as a whole, so that slight yieldings would be shown by enlargement of the cup, not by depression of the disc surface.
COMPARISON OF THE SHAPES OF THE GLAUCOMATOUS AND
PHYSIOLOGICAL CUPS. It is convenient here to compare the shapes of the glaucomatous and physiological cups, for in the former we have a condition undoubtedly due to pressure from within.
No attempt was made to include in the investigation an accurate estimate of the depth of the cup, as this is a subject of much difficulty and introduces complications in the estimation of results, and is not so important as the fact whether the cup is enlarged in area or no. The shape of the physiological cup varies from the tiny dimple that one gets in the pseudoneuritis of some hypermetropias, to the well-marked cup with steep side with which we are all familiar. Some physiological cups have not vertical but decidedly sloping sides, so that their shape is conical, terminated below in cylindrical form.
In dealing with cases of glaucoma during this investigation care was taken to distinguish between various shapes shown with a view to deciding whether the condition of enlarged glaucomatous cups was an enlargement of the physiological cup, or superimposed upon it. Conceivably the various forms of the cup shown in section in the diagram (fig. 4 ) might arise: (1) Being a simple enlargement of the physiological cup; (2) being a conical enlargement of it, ending in a cylinder; and (3) the shallow cylinder involving an area of the disc decidedly larger than that of the physiological cup, and terminated abruptly in the latter, being superimposed upon it. In the cases of glaucoma which have come under my notice during this investigation it will be seen from the diagrams shown that a regular series might be constructed from those indistinguishable from rather large physiological cups to those typically glaucomatous and occupying nearly the whole of the disc. It was exceptional to find the conical form as indicated in (2), and in this group the third form was not observed, though it does occur (fig. 5 ).
If this series of glaucomas be typical, it would follow that the glaucoma cup is usually a simple and symmetrical enlargement of the physiological cup, that in a smaller proportion of cases the conical enlargement of the cup is added upon the usual cylindrical form, and that the third form is at least rare.
If it be admitted from these drawings that the glaucomatous cups are, in the majority of cases, enlargements of physiological cups caused by internal pressure, it is fair to argue that smaller degrees of pressure, acting upon cups of which the tissues are weak, will produce smaller degrees of enlargement without necessarily any deterioration of vision, because the pressure is not sufficiently great. to cause injury to the nerve fibres. A clinical, though not a pathological, analogy may be found in the very varying degrees of increased arterial tension which come on frequently in middle life without symptoms arising from it. Very varying degrees of tension cause glaucoma and have very different effects upon the disc. In some cases a tension that is easily borne by most eyes will cause deep cupping and a field of vision typically glaucomatous, in other cases a tension beyond the normal produces little or no effect. That is, pressure is not the only factor, the resistance of the disc comes in, it is the correlation of these two factors which decides the effect on the size of the cup.
It will be seen that if my suggestion is correct that the cause of these enlarged cups is a matter of pressure from within; it is, theoretically at least, including such cases under glaucoma, if this term be held to include all the results of pressure. But glaucoma should not be in my opinion so regarded, but should include only those cases in which there is pressure sufficient to interfere with the function of the organ. Thus an enlargement of the cup, if unaccompanied by any great rise of pressure and without any effect upon the central vision or the field of vision, should be regarded as a physician would regard cases of increased arterial pressure existing without symptoms referable to it, in other words, the enlargement of the cup is to be regarded as a danger signal, but not as glaucoma if unaccompanied by other signs of glaucoma. We should regard this group of enlarged disc cups as providing the material from which some groups of glaucomas develop. They should be cases in which accurate and thorough investigation should be carried out periodically, in which all predisposing causes should, as far as possible, be eliminated, but
should not yet be regarded as glaucoma cases, for in many of them glaucoma may never develop.
It is acknowledged that the main conclusion of this paper, that there is a tendency for the physiological cup to enlarge as age progresses, cannot be regarded as proved but merely inferred. A few cases carefully followed through a series of years, with accurate comparisons of careful diagrams, would do much more to establish or refute this conclusion than deductions drawn in the manner followed in this paper.
ADDENDUM.
Since writing this paper I have been able to observe two cases of enlargemient of disc cups. One was a girl, aged 8, seen in January, 1920, and again in January, 1921. At her first visit the percentage size of the disc cups were: Right 11, left 10; in January, 1921, the sizes were, right 28, left 26; an increase respectively of right 17, left 16.
It is to be noticed that the increase is not symlmietrical; in the right eye it is mostly down anid in, in the left down, in, and out. Asyrnnnetrical growth is quite in harml-ony witlh the suggestion that in young people growth and not pressure is the cause of the increase in the culps.
The remiiaininig case is that of a wom-iain, aged 68, seeni first in July, 1920, anld again in Novemiber, 1920. The disc cup percentages at her first visit were, right 23, left 24 at the seconid v-isit, right 23, left 50, an increase of 26 per cenit. in the left; when there was in that eye slight inierease in tension, slight gelneral contraction of the field anid notchiing above, dimninutioni of vision frol i (3) to -(5), but no enlargemllent of the blind spot. As a fine spicule of opacity has developed in the lenis, iluch emphasis cannot be placed on the dim-linutioni of cenitral visionI; but the tension and outline of the field justify the diagnosis of this case as one of early recent glaucomia in which the enlargement of the cup has actually been observed.
DISCUSSION. Mr1. A. HUGH THOMIPSON said that this paper tended to support the view that there was a distinct relation between a large physiological cup and a glauconlatous cup. Where there was undoubted glaucoma in one eye he had m-iore than once noticed a large overlapping physiological cup in the other eye; and one knew that where ordinary glaucomiia had occurred in one eye the chance of it occurring in the other eye was great. With regard to the molde in which physiological cups were changed into glaucomatous cups, he was interested in Mr. Pickard's suggestion that it was due to pressure from within oln the lamina cribrosa, as the lamina cribrosa exerted unequal resistance to that pressure, thus causing an alteration in the shape of the physiological cup. That accorded with his own idea, and he believed Colonel Elliot had noted the same thing in his book. But he would join issue with Mr. Pickard when he said that the majority of glaucoma cases were caused in this way. The speaker's view was that these cases were decidedly exceptional. The ordinary glaucoma was the glaucoma of the text-books, in which the glaucoma cup began at the margin of the disc. And, in this connexion, he suggested that the author did not sufficiently distinguish between what he called the conical-the ordinary shallow cup which most discs showed-and the perpendicular cup, which, in his experience, was very often overlapping, so that vessels could be seen to come to the edge of the cup and then disappear, appearing again on the lamina cribrosa; they could not be traced along their whole course. His experience had taught him to regard as the dangerous cases those with a large overlapping physiological cup, not the conical cup cases.
Mr. RAYNER BATTEN said that what was required was some method of recording the cases of central cupping; the recording of the area alone did not meet the want. The so-called physiological cups which he regarded as dangerous were those of a particular shape and distribution; the actual central cup he looked upon as comparatively innocent; it became dangerous when it got up to the margin. WI-hile it rellmained in the centre it could almost be considered as Nature's trephine hole. Nearly all the cups in Mr. Pickard's cases appeared to have been central. The cups with which the speaker was familiar came quietly up to the temporal side and expanded from there; they rarely occurred on the nasal side. One reason for his bringing forward the rubber balloon experiment was to show that passive expansion could take place without increased pressure to account for the growth of a physiologicail cup. He agreed with Mr. Pickard that there were preliminary or premonitary signs of glaucoma, and those should be known. WVhen there was a large physiological cup and deep tension was elicited then the margin between that and actual glaucoma was very small. It was not as yet actual glaucoma, there might be no tension; but when deep tension was increased and the cup was large glaucoma m-night easily supervene.
Mr. M. S. MAYOU said the histology of the two forms of cupping was entirely different and could have no relation to each other. The physiological cup was merely the cone of nerve fibres passing into the nerve, whereas the glaucomatous cup was formed by the pushing back of the whole lamina cribrosa. In the latter one would always expect a steep-sided cup, and in advanced cases in sections of the disc one could see the cup bulging out under the sclera on either side. True cupping in contradistinction to physiological cupping was not only dependent on the intra-ocular tension, but also on the support given by the nerve fibres as they passed through the lamina cribrosa. In anencephaly, in which there were no nerve fibres, one found a large cup with no intra-ocular tension, because it was unsupported. If optic atrophy occurred in infants the lamina cribrosa would yield with normlal pressure and cupping w,ould result. He thought that, clinically, one could not say for certain judging by the appearance of the disc alone that a given case was one of glaucoma without the confirmatory evidence of the fields of vision, &c., but if the cup went up to the margin of the disc there was lmore than a strong probability of its being of that nature.
Mr. N. BISHOP HARMAN asked whether it was not necessary to take into account possible variations in the size of the optic disc. If it were assumed that the optic nerve fibres were mnore or less constant in bulk, and if the optic nerve opening in the sclera were larger in one eye than in another, there miiust be a space in this opening which was not filled up by the nerve fibres. This he thought, was the cause of the physiological cup, and he conceived that the cup varied with the size of the opening in the sclera. It was difficult to make up one's mind as to whether two discs were of the same size; he had many tilmes tried to take mleasurements, but had never convinced himself he had obtained a proper representation as to this, owing to the difficulty presented by differences of refraction. Certainly there was a difference in the kind of case of which Mr. Mayou spoke. And if, in a gross pathological condition, there was such a feature, it was probably present, in less degree, in normal eyes. Had Mr. Pickard endeavoured to measure the discs in the eyes he had examined and could he giv-e informnation on the point ? If it were held that the physiological cup was definitely related to the size of the scleral opening, then its significance was anatomical rather than pathological.
Mr. PICKARD (in reply) said that evidently the opinions of those who had discussed the paper were against his contention that the iiajority of cases, in the early stages, arose out of the physiological cup. In this series he had worked minutely at the matter with the object of finding borderline cases; it seenmed that it was in that direction one had to work to find out the real cause of glaucoma. He had set forth a graduated series of cases arising from the physiological cup, and they were carefully explored. He admitted that some of the cases were only slight. As to whether the glaucoma cup usualiy started at the margin, whether it was a depression of the whole disc, or whether it began in the physiological cup, with or without a cone, he could only say he had drawn the discs with extreme care, much to his own instruction, and he had been struck by the large numnber which arose as, apparently, simple enlargements of the physiological cup, not as depressions of the whole disc. In this paper he had considered the shape of the disc, he had not gone into the mechanism of causation. Ophthalhnologists became biased towards the belief in the depression of the whole disc because of the number of advanced cases which came before them. It was in the early, slight, cases
